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Individual measurements of HRDI horizontal wind vectors contain information smeared

over a 500 sq km area element. This implies that the minimum horizontal wavelength "sensed"

by HRDI is 1000 km. HRDI vertical resolution is about 8 km. Using these limiting parameters in

the dispersion relation for inertia-gravity waves (IGW) implies that IGW's with intrinsic periods

as short as 5 hours can be sensed by HRDI. However, these motions cannot be explicitly

resolved in HRDI winds, due to insufficient spatial sampling. Only instantaneous "snapshots" of

IGWs are observable in vertical profiles of HRDI horizontal winds. Specifically, IGW signatures

are highly visible in vertical profiles of HRDI winds that have been filtered of long horizontal

and vertical wavelength motions. Such filtering is performed by subtracting datasets of

smoothed HRDI winds from unsmoothed wind, creating profiles of wind "residuals".

A residual wind climatology was created from HRDI zonal and meridional winds

spanning December 1992 - January 1999. Small vertical scale HRDI wind variance ( (u'2 +

v'2)/2 ) is minimal between 80 and 100 km, and much larger at levels below 65 km. Little

monthly or latitudinal variations are seen between 80 and 100 km. Temporal variations are

stronger below 80 km, but other than a weak semiannual variation in the tropical belts (maxima

at solstice and minima at equinox), the variation is not systematic. No attempt has yet been made

to examine longitudinal dependence of the variance.

Vertical spectra of small vertical scale wind variance are Fourier analyzed, and plots of

the power spectral density were consolidated for 3 belts: Northern/Southern hemisphere mid-high

latitudes (40-72 degrees), a combined tropical/subtropical belt (32S-32N). The PSD has a

universal shape, with an exp(-Km) structure in the 10-20 km wavelength interval. The value of

K lies between 2 and 3. This structure is associated with a saturated gravity wave spectrum. A

null spectrum derived from HRDI reported measurements convolved with a white-noise

spectrum lies well below the observed exp(-Km) in the 10-20 km region. The exponential

spectral shape is indicative of IGWs in the HRDI small vertical scale winds.

Stokes parameter analyses were carried out on HRDI profiles of horizontal wind

components, and consolidated by month into 5 latitude belts: Northern hemisphere middle and

high latitudes (40N-72N), the Northern hemisphere tidal wind belt (32N-16N), a tropical belt

(8S-8N), Southern hemisphere tidal wind belt (32S-16S degrees) and Southern hemisphere
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middleandhigh latitudes(40S-72S). Vertical wavesbetween10and 15km in wavelengthare
about10-15%polarizedeverywhere.IGW propagationin the middleandhigh-latitudeSouthern
hemisphereis predominantlymeridionalduring solsticewhen strongeasterlyand westerlyjets
prevail, andsignificantly morezonalduringequinoxes. Wave amplitudesin both hemispheres
arestrongestin July,andduringApril aswell in theNorthernhemisphere.Directionalityof IGW
propagationin the MLT is generallyinterpretedin termsof the filtering of upwardpropagating
waves. Thus, in the presenceof strong zonal jets (at solstices),a broad rangeof zonally-
propagating IGW's are prone to critical level filtering, leaving behind the meridionally-
propagatingspectrum.Similar principlesapply in theequatorialbelts,wherethemeanwindsare
stronglyzonalin both thestratosphereandmesosphere(albeit 180degreesout of phasebetween
thetwo regions). Statisticalorientationanglesarestronglynorth-southduring threeout of four
seasons.In the tidal belts (16--32degrees,wherediurnal meridionalwinds arestrongest),the
preferredIGW orientationhasa significant zonalcomponentduring at leastoneequinox. The
diurnaltidesaregenerallystrongerat equinoxthanat solstice(Hayset al, 1994);thus,if critical
level filtering principlesare applied,absorptionof meridionally-propagatingIGW's by diurnal
meridionalwindswouldbemoresignificantduringequinox.

The PI concludesthat HRDI wind componentretrievalsshow evidencefor IGWs with
horizontalwavelengthslongerthan 1000km, andvertical wavelengthsbetween10and20 km.
Themostcompellingargumentsin favorof theIGW interpretationaretheexponentialdecayof
the PSD with respectto vertical wavenumber,andthe relationshipbetweenwavepropagation
directionandthemeanwindsor tidal winds in light of critical level filtering considerations.

The analysesin this study were confined to HRDI componentwind profiles, as these
products were deemeduseful for inferring IGW polarization characteristicsand statistical
propagationdirections. However,a significant limitation of HRDI zonal andmeridionalwinds
for IGW studiesis the substantialhorizontal smearingof information that occursduring the
conversionof HRDI line-of-sight (LOS) winds into vectorwind components. This smearing
results from the requirementthat LOS winds viewed from the "forward" and "backward"
directions be matchedto a common volume, in order to resolvethe zonal and meridional
components.This procedureresultsin thedilution of informationovera400--500sq. km.area.
Moreover,vectorwinds are recoveredusing a sequentialestimatorthat employsfurther spatial
smoothingover the common volume. As a result, the smallesthorizontal IGW wavelengths
"sensed"by HRDI componentwinds is at least1000kin.

HRDI LOS windsareobscureproductsthat representhorizontalwinds integratedalong
the LOS. The LOS winds representinformation that is subjectto significantly lesshorizontal
averaging. An LOS wind profile footprint length is about 1/3--1/4the length of a component
wind footprint. In view of the evidencefor large-scaleIGWs seenin the HRDI component
winds,it seemsreasonableto anticipatethatLOS windsmaycontaininformationaboutabroader
spectral range, specifically those with horizontal wavelengths between 300--1000 km.
According to the dispersion relation for IGWs, shorter horizontal waves (whose vertical
wavelengthsremainbetween10and20km) havehigherintrinsic frequencies,andlargervertical
groupvelocities. Thus,the additionalpart of theIGW spectrumin LOS winds maygive more
information aboutthe sourceregionsfor thesewavesand their propagationpathwaysdirectly
below theMLT. Very little is currentlyknownaboutthis typeof GW motion in themesosphere.
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The observationscanbe usefulfor testingtheoreticalconceptsof gravity wavepropagationand
mean-flowinteraction. IGWs observedat mesosphericheightsmayalso haveimportanteffects
in theMLT regionwhereGW mayinteractstronglywith thetides.

Preliminary examinationof HRDI LOS winds indicates the ubiquitous presenceof
signatureswith shortvertical wavelengths.Fundingshortageshaveunfortunatelyprecludedany
further analysisat this time. Moreover, in light of recent work by Alexander (1998) and
McLandresset al, (1999),it is prudentto developa so-calledobservationalfilter associatedwith
the HRDI instrumentand the inversion procedures.The filter describesthe geometryof the
three-dimensionalvolume of atmosphereover which the HRDI LOS wind information is
integrated,aswell asthe integrationweightingfunction. Theobservationalfilter canbeusedto
developadescriptionof theHRDI observationalsensitivityto themulti-dimensionalspectrumof
gravity wave parameters,including horizontal and vertical wavelengths,intrinsic frequencies,
phasespeeds,and directionof propagationrelativeto the LOS. The advantagesof LOS wind
analysesand observationalfilter developmenthave been articulatedmore fully in an ITM
proposalto renewthepresentstudy.
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middleandhigh latitudes(40S-72S). Vertical wavesbetween10and 15km in wavelengthare
about10-15%polarizedeverywhere.IGW propagationin the middleandhigh-latitudeSouthern
hemisphereis predominantlymeridionalduringsolsticewhenstrongeasterlyand westerlyjets
prevail, andsignificantly morezonalduringequinoxes. Wave amplitudesin both hemispheres
arestrongestin July, andduringApril aswell in theNorthernhemisphere.Directionalityof IGW
propagationin theMLT is generallyinterpretedin termsof the filtering of upwardpropagating
waves. Thus, in the presenceof strong zonal jets (at solstices),a broad rangeof zonally-
propagating IGW's are prone to critical level filtering, leaving behind the meridionally-
propagatingspectrum.Similar principlesapplyin theequatorialbelts,wherethemeanwindsare
stronglyzonalin both thestratosphereandmesosphere(albeit 180degreesout of phasebetween
the two regions). Statisticalorientationanglesarestronglynorth-southduring threeout of four
seasons.In the tidal belts (16--32degrees,wherediurnal meridionalwinds arestrongest),the
preferredIGW orientationhasa significant zonalcomponentduring at leastoneequinox. The
diurnal tidesaregenerallystrongerat equinoxthanat solstice(Hayset al, 1994);thus,if critical
level filtering principlesareapplied, absorptionof meridionally-propagatingIGW's by diurnal
meridionalwindswouldbemoresignificantduringequinox.

The PI concludesthat HRDI wind componentretrievalsshow evidencefor IGWs with
horizontalwavelengthslongerthan 1000km, andvertical wavelengthsbetween10and20 km.
Themostcompellingargumentsin favor of theIGW interpretationare theexponentialdecayof
the PSD with respectto vertical wavenumber,and the relationshipbetweenwave propagation
directionandthemeanwindsor tidal winds in light of critical level filtering considerations.

The analysesin this study were confined to HRDI componentwind profiles, as these
products were deemeduseful for inferring IGW polarization characteristicsand statistical
propagationdirections. However,a significant limitation of HRDI zonal andmeridionalwinds
for IGW studiesis the substantialhorizontal smearingof information that occursduring the
conversionof HRDI line-of-sight (LOS) winds into vectorwind components. This smearing
results from the requirementthat LOS winds viewed from the "forward" and "backward"
directions be matchedto a common volume, in order to resolvethe zonal and meridional
components.This procedureresultsin thedilution of informationover a400--500sq.km. area.
Moreover,vectorwinds are recoveredusing a sequentialestimatorthat employsfurther spatial
smoothingover the common volume. As a result, the smallesthorizontal IGW wavelengths
"sensed"by HRDI componentwinds is at least1000km.

HRDI LOS windsareobscureproductsthat representhorizontalwinds integratedalong
the LOS. The LOS winds representinformation that is subjectto significantly lesshorizontal
averaging. An LOS wind profile footprint length is about 1/3--1/4the lengthof a component
wind footprint. In view of the evidencefor large-scaleIGWs seenin the HRDI component
winds,it seemsreasonableto anticipatethatLOS windsmaycontaininformationaboutabroader
spectral range, specifically those with horizontal wavelengths between 300--1000 km.
According to the dispersion relation for IGWs, shorter horizontal waves (whose vertical
wavelengthsremainbetween10and20km) havehigherintrinsic frequencies,andlargervertical
groupvelocities. Thus,the additionalpart of theIGW spectrumin LOS winds maygive more
information aboutthe sourceregionsfor thesewavesandtheir propagationpathwaysdirectly
below theMLT. Very little is currentlyknownaboutthis typeof GW motion in themesosphere.
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The observationscanbeusefulfor testingtheoreticalconceptsof gravity wavepropagationand
mean-flowinteraction. IGWs observedat mesosphericheightsmayalso haveimportanteffects
in theMLT regionwhereGW mayinteractstronglywith thetides.

Preliminary examinationof HRDI LOS winds indicates the ubiquitous presenceof
signatureswith shortvertical wavelengths.Fundingshortageshaveunfortunatelyprecludedany
further analysisat this time. Moreover, in light of recent work by Alexander (1998) and
McLandresset al, (1999),it is prudentto developa so-calledobservationalfilter associatedwith
the HRDI instrumentand the inversionprocedures.The filter describesthe geometryof the
three-dimensionalvolume of atmosphereover which the HRDI LOS wind information is
integrated,aswell asthe integrationweightingfunction. Theobservationalfilter canbeusedto
developadescriptionof theHRDI observationalsensitivityto themulti-dimensionalspectrumof
gravity wave parameters,including horizontaland vertical wavelengths,intrinsic frequencies,
phasespeeds,anddirectionof propagationrelativeto the LOS. The advantagesof LOS wind
analysesand observationalfilter developmenthave been articulated more fully in an ITM
proposalto renewthepresentstudy.
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middle andhigh latitudes(40S-72S). Vertical wavesbetween10and 15km in wavelengthare
about10-15%polarizedeverywhere.IGW propagationin themiddleandhigh-latitudeSouthern
hemisphereis predominantlymeridionalduring solsticewhen strongeasterlyand westerlyjets
prevail,and significantlymorezonalduringequinoxes. Waveamplitudesin bothhemispheres
arestrongestin July,andduringApril aswell in theNorthernhemisphere.Directionalityof IGW
propagationin the MLT is generallyinterpretedin termsof thefiltering of upwardpropagating
waves. Thus, in the presenceof strongzonal jets (at solstices),a broad range of zonally-
propagatingIGW's are prone to critical level filtering, leaving behind the meridionally-
propagatingspectrum.Similarprinciplesapply in theequatorialbelts,wherethemeanwindsare
stronglyzonal in boththe stratosphereandmesosphere(albeit 180degreesout of phasebetween
the two regions). Statisticalorientationanglesarestronglynorth-southduring threeout of four
seasons.In the tidal belts (16--32degrees,wherediurnal meridionalwinds arestrongest),the
preferredIGW orientationhasa significantzonalcomponentduringat leastone equinox. The
diurnaltidesaregenerallystrongerat equinoxthanat solstice(Hayset al, 1994);thus,if critical
level filtering principles areapplied,absorptionof meridionally-propagatingIGW's by diurnal
meridionalwindswouldbemoresignificantduringequinox.

The PI concludesthat HRDI wind componentretrievalsshowevidencefor IGWs with
horizontalwavelengthslonger than 1000kin, andvertical wavelengthsbetween10and 20 km.
The mostcompellingargumentsin favor of the IGW interpretationaretheexponentialdecayof
the PSD with respectto vertical wavenumber,andthe relationshipbetweenwave propagation
directionandthemeanwindsor tidal windsin light of critical level filtering considerations.

The analysesin this studywere confined to HRDI componentwind profiles, as these
products were deemeduseful for inferring IGW polarization characteristicsand statistical
propagationdirections. However,a significantlimitation of HRDI zonalandmeridionalwinds
for IGW studiesis the substantialhorizontal smearingof information that occursduring the
conversionof HRDI line-of-sight (LOS) winds into vector wind components. This smearing
results from the requirementthat LOS winds viewed from the "forward" and "backward"
directionsbe matchedto a common volume, in order to resolve the zonal and meridional
components.This procedureresultsin thedilution of informationovera 400--500sq.km. area.
Moreover,vector winds arerecoveredusinga sequentialestimatorthat employsfurther spatial
smoothingover the commonvolume. As a result, the smallesthorizontal IGW wavelengths
"sensed"by HRDI componentwindsis at least1000km.

HRDI LOS winds areobscureproductsthat representhorizontalwinds integratedalong
the LOS. The LOS winds representinformation that is subjectto significantly lesshorizontal
averaging. An LOS wind profile footprint length is about 1/3--1/4the lengthof a component
wind footprint. In view of the evidencefor large-scaleIGWs seenin the HRDI component
winds,it seemsreasonableto anticipatethatLOS windsmaycontaininformationaboutabroader
spectral range, specifically those with horizontal wavelengths between 300--1000 km.
According to the dispersionrelation for IGWs, shorter horizontal waves (whose vertical
wavelengthsremainbetweenI0 and20km) havehigherintrinsic frequencies,andlargervertical
groupvelocities. Thus,the additionalpart of theIGW spectrumin LOS winds maygive more
information about the sourceregionsfor thesewavesand their propagationpathwaysdirectly
below theMLT. Very little is currentlyknownaboutthis typeof GW motionin themesosphere.
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The observationscanbe usefulfor testingtheoreticalconceptsof gravity wavepropagationand
mean-flowinteraction. IGWs observedat mesosphericheightsmayalsohaveimportanteffects
in theMLT regionwhereGW mayinteractstronglywith thetides.

Preliminary examinationof HRDI LOS winds indicates the ubiquitous presenceof
signatureswith shortverticalwavelengths.Fundingshortageshaveunfortunatelyprecludedany
further analysisat this time. Moreover, in light of recentwork by Alexander (1998) and
McLandresset al, (1999),it is prudentto developa so-calledobservationalfilter associatedwith
the HRDI instrumentand the inversionprocedures. The filter describesthe geometryof the
three-dimensionalvolume of atmosphereover which the HRDI LOS wind information is
integrated,aswell asthe integrationweightingfunction. The observationalfilter canbeusedto
developadescriptionof theHRDI observationalsensitivityto themulti-dimensionalspectrumof
gravity wave parameters,including horizontal and vertical wavelengths,intrinsic frequencies,
phasespeeds,and directionof propagationrelativeto theLOS. The advantagesof LOS wind
analysesand observationalfilter developmenthave been articulatedmore fully in an ITM
proposalto renewthepresentstudy.
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